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ABSTRACT

Rearing juvenile salmonid fishes in brackish-waters fertilized with
treated domestic wastewater during 1975-76 season achieved levels of growth
and survival envisioned for the system at the beginning of field testing in
1971. Coho saimon fingerlings showed a 45 percent survival in South Pond
from October 1975 to May 1976. Supplemental feeding of materials obtained
free or at low cost (1ive Daphnia; ground fresh and frozen fish carcasses)
was initiated during coho rearing to insure all fish had the opportunity to
reach minimum size for smolting before onset of higher summer water tempera-
tures. About 16,000 coho were produced with most of the survivors being
smolts of excellent quality. Selective trapping of smolts from the pond
occurred from about mid-April to early May, with over 6,000 smolts being re-
moved from the pond by this technique. Smolts are collected by directing a
flow of water through a trap located in an existing slot in the headgate of
the pond. Other smolts were removed by seining, and by draining of the pond
in early May when reversion to parr was detected with rising water temperatures.
Coho reared in pens showed survivals of 100 percent over the rearing period.
No evidence of vibriosis was detected in the coho population.

Spring chinook salmon fry reared in North Pond from February to mid-June
1976 showed the highest survival for any chinook saimon rearing experiment.

In order to continue studies on rearing chinook salmon through the summer for
late fall releases, only a portion of the salmon in the pond by late spring
were removed for planting into Jolly Giant Creek. The remaining f%sh suffered
almost total mortality when stressed from a combination of very high water
temperatures (over 25 C in late June) and smoliting. These two factors induced

vibriosis in the population. Resistance to vibriosis by the salmon was



evidenced by an estimated 15 percent of the salmon population remaining in the
pond by mid-July. Yearling rainbow trout, however, were not affected by either
the high water temperatures or vibriosis, and grew at a rate of about 2 grams

per day per fish,
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BACKGROUND

This is the final data report on the freshwater rearing of salmonids in
two 0=15 hectare wastewater aquaculture ponds constructed by the Wildlife
Conservation Board, California Department of Fish and Game {(Allen, Conversano
and Colwell 1972), and operated, in part, under the National Sea Grant Program,
HSU Coherent Area Program, from 1963-1975. Details of the location, physical
facilities, methods of operation, and photographs of the ponds have been
published previously (Allen and Dennis 1974; Allen and Carpenter, In press;
Allen 1973, 1975, 1976). A synopsis of rearing experiments numbered 1-X{ is
given in Allen (1976, Table 1). The rearing experiments conducted October
1975-September 1976 (X1i-XIV), are summarized in Table 1. Due to mechanical
error, Experiment XV was prematurely terminated. Results have not been in-
cluded in this report. The format of this report will be that outlined for
reporting the results of Experiments IX=XI (Allen 1976).

Figure 1 provides a sketch of the ponds, showing major features and

jocation of rearing pens menticned in the text.



11

*14oded siy3 ul pspn|aul 10U eleq
*AJuo s3|nsaa |ellled “puod paujedp o3eb=sARA

anys AgJadoadui] "X juswidadxy uj palesad oyod Ad4 MoguU | ey
10 $30] paddew-ulj Buipjoy snd “3noJy Moqujed 1oy
wo3sAs 3o |eliusjod Suyaest-sswuns 1o Apnis toley yinasg sBuj |aes) oyog AlX
‘upjjezi|enpisaas pue uclledbiw
weaJlis-uMop ‘Huiijows o S2Ipnis  *a3ep 0} sIJed
|EBAIAINS UOW|ES YOOUuly> 150ybIH X juauwiiadxy jo Noauly)
ublsep oiseq 3eadad o3 Buijue|d djooulyo Ay1suap-ubiH y3j4oN Ad 4 Buiadg FILX
‘uo13BZ][BNP1S®J pue ‘uc|iedbiw-weal3s=umop ‘Bui
-1{ows jo Apnls 2ALISUDIU] * WeDd3S=BWOY,, le13uazod
0ju] eseaja4 pue ‘Bupjiew ‘Buipioy ‘sjows jo Buid
-desy ‘Buiriess BuiAjoaul juswiiedxs pais|duod 3sdlj yinog Bujyaabuly oyosy 11X
Bujjueid taqunpy
sjuswaadxe ul Apnis jo seade dofey puod - je |zl§ sagoadg juswiladxy

“g/61 3IsnBny ybnodyi GLE| J2QURAON ‘we3sAs 2

Jn3|noenbe Jojemalsem eleddy
Ul AIX-11X S3jusuilaadxy ui paJead spluowjes a|1uaan( j0 uoljedo| pue ‘ys1l Jo azls ‘sp)oads  *| I|9el



12
OXIDATION POND EAST

NORTH

FUMBOLDT BAY
WEST

KEY

I. Storage and feed sheds
IT Trailer - Project headquarters
IIT Fish Barn -~ & -~ 1,000 gallon recirculating
aquaria and water tables
g Sharp pens - H~Hookton Soil, $S-Shell, M-Mud, G-Gravel
\W Welsh crab pens - E-East, W-West
[P Payne pens - Inside units (1,3,5); outside units (2,4,6)
rn  Moore crab pens - units 16
—— Sampling docks
T[] Headgate
---:.s Inlet pipe
@ Forced=-air pump
Air line

Figure 1. Flan view cof Hum.oldt State University waestewater aquaculture
system, Arcata oxidation pord, north Humboldt Bay, northern
California, 1 September 1976, (Slight distortior to South
Pond as sketch made from aerisl photograph taken slightly
north and west of ponds).
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EXPERIMENT X1

(October 1975 - September 1976)

Background

Experiment XI1 marked our first attempt to rear coho salmon to smolting,
selectively trapping the smolts from the pond, holding and marking the fish,
and releasing the smolts in small groups in selected planting sites {home
stream). Prior to Experiment X (coho salmon, October 74 = January 1975
rearing period), fish were released unmarked directly into Humboldt Bay.

With Experiment X, holding tanks allowed coho sal mon to be planted into other
locations. By the summer of 1975, four 1,000-gallon tanks were installed In
our fish barn. Each tank is fitted with a false bottom, a foot of dolomite
rock, and two air-1ift water recirculating units, Each tank has a minimum
capacity of holding 10,000 fingerling salmonids over an extended period of
time (Dennis 1975). In addition, a water table was completed for marking
salmon. These facilities will allow identification of all future project
fish released from the wastewater aquaculture ponds.

For salmon reared in Experiment X||, freshwater planting sites were
selected to test where future adult salmon trapping facilities could be most
conveniently located. Two 'home stream sites receiving juvenile salmon were:
Jolly Giant Creek which enters Humboldt Bay immediately west of the aquaculture
ponds, and a small tidal slough fitted with a flap gate, lying immediately
east of the Arcata oxidation pond.

As the release of smolts of proper size and at the proper time is neces-
sary to avoid 'residualization'' of planted fish {Royal 1972), arn intensive
study of smolting of coho salmon and chinook salmon (Experiment X1} was com-
pleted by Del Sarto (1976). Our initial investigations of smolting of fall

chinook salmon in the spring of 1974 familiarized our personnel with the
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biochemical prbcedures for determining Na* and K* -ATPase (Collins 1976).
Del Sarto {op. cit.) combined gill enzyme analysis, selective trapping.of
pond smolts and monitoring of the DSM salmon planted into Jolly Giant Creek,
during Experiment X1 (and Experiment XIt), in order to understand as fully
as possible coho and chinook salmon smolting process in the pond system.

Supplemental feeding, with natural foods available in the Arcata oxida-
tion pond (Daphnia - water fleas) and other free or inexpensive organic
materials from a variety of sources, was instituted about mid-way through
the experiment. This had not been part of our original planning for this
'experiment.

Polyculture studies using pen-rearing of sublegal Cancer magister and

coho salmon also had been planned. The study was to rear crabs under dif-
ferent densities and types of substrates to supplement work previously under=
taken by Welsh (1974). Knowledge of optimum density for growth and survival
of sublegal crabs is needed to plan any major crab-salmon polyculture exper-
iments in the future. Unfortunately, sublegal male crabs were extremely
difficult to secure in the fall of 1975, Commercial crab pots were catching
only legal crabs due to an extremely successful year=class of adult crabs in
the fishery. The crab-salmon rearing study was not carried out although all
necessary facilities were constructed for the work which will be eventually

undertaken.

Pond QOperation

On August 6, 1975, Humboldt Bay water of 34 o/co salinity was added to
South Pond. From August 8 to August 30, North Pond water was added to South
Pond, along with small additions of Humboldt Bay water and freshwater, attain-
ing a salinity of 21.5 o/oo on August 30. A salinity regime of between 21

and 23 ofoo was maintained for the first three months of the experiment to
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provide a salinity regime not too high for coho salmon juveniles but not too

low for Cancer magister. When it became apparent that crabs would not be

available for this study, no attempt was made to keep the salinity at this
level. Pond level was maintained by discharging small lots of water after
heavy rains which slowly reduced salinities during the winter. When the rains
ceased, pond salinity varied between 8-11 o/oo during the last three months

of rearing.

One major change in pond conditions occurred on November 17, 1975, when
the pond was lowered 18" in order to place a small~meshed netting around our
crab pens to prevent interchange of salmon between pond and pen rearing areas,
The pond was refilled to operating level with Humboldt Bay water, which was
at about the same salinity level as the fish ponds (23 o/co).

On the day of fish planting our temporary forced=air pump finally wore
out. As a result, during the first two weeks of coho salmon rearing {early
October) aeration was either by an AIR-0-LATOR, or by short 2 to 3 hours of
forced-air aeration using a gasoline driven air pump. Beginning in late
October a new electrically-driven air-pump was installed and aeration was con-

tinuous using the forced-air aeration system.

Physical-Chemical Properties

Water properties were studied with methods previously outlined (Table 2).
Although no 24=hour studies of physical-qhemical properties were undertaken,
on six days dissolved oxygen was studied during morning and afternoon periods,
when the pond waters were well stabilized, only moderate increases in diurnal
oxygen values were recorded (Table 3).

At the time of planting coho, the saltinity was near 23 o/vo, which Is
near the upper limit that fingerling coho can tolerate without prior acclima-

tion. The salinity slowly dropped during the ekperiment, finally reaching
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1/
e 2. Summary of methods, equipment and sampling procedure— employed
in determining physical-chemical parameters of waters in Arcata
wastewater aquaculture ponds.

Parameter Unit Equipment and Procedure—
Temperature S¢ * 0.5 Hand thermometers
Salinity parts per thousand total Hydrometer (Kahl)
hatides (ppt) + 0.25
Clarity depth of disappearance 20 cm diameter Secchi disc mounted
in cm on calibrated rod
Oxygen (D.0.}) mg/l + 0.1 Azide modification of Winkler method
using PAO titrant (0.0250 N).
Hydrogen ion pH units + 0.1 Photovolt electric meter
NHB—n?trogen mg/1 Hach unit Hach kit, model DR-EL/2 Engineer's
Laboratorieszl
NOz-nitrogen mg/1 Hach unit Hach kit, model DR-EL/2 Engineer’s
Laboratories
N03~nitrogen mg/1 Hach unit Hach kit, moH?l DR-EL/2 Engineer's
- Laboratories—
Alkalinity parts per mitlion as Taras 1971
CaCO3 {ppm)
Calcium - ppm Taras 1971
Magnesium
Silicon mg/1 Hach unit Hach kit, model DR-EL/2 Engineer's
Maganese [.aboratories
| Fon
Copper
Phosphorus
l/ As far as availability of personnel and class schedules would allow, samp-
1ing of pond waters was to be conducted during the morning, preferably be-
tween 8 and 10 A.M, Since strict morning sampling was not accomplished,
minor variations in non-conservative properties should be regarded mainly
as diurnal variations, Sampling was conducted from pond headgates, with
samples drawn from mid-depth in the pond (0.5 meters below the surfacel.
E/ Procedures using DR-EL/2 Engineer's Laboratories Hach kit all according to
Hach Water Analysis Handbock, 1973.
3/ 6 drops of Rochelle Salt Solution required in our pond waters.

E/ We have not attempted to correct for chloride levels, thus values represent

only relative concentrations,.
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3.

Measurements of increase in oxygen levels during daylight hours,

South Pond, September-October 1975 (Experiment XI1}.

Day Morning Sample Afternoon Sample Percent Rate of
Time D,0D. Time D.0. Increase Increase
{mg/hour)
Sep 11 1100 7.6 1700 1.4 5o 0.6
Oct 15 1200 L.0 1530 7.0 75 0.9
Nov 5 1000 11.8 1800 12.0 0.2 0.03
Nov 10 0830 9.6 1200 12.8 33 0.9
1/
Nov 25— 0945 1.4 1530 10.0 610 1.5

1/ North Pond during initial filling of pond with wastewater from Arcata
oxidation pond (Experiment X111).
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8 o/oo in early May 1976 (Figure 2). Temperatures were within optimum growing
ranges for salmon, starting near 1?0 £, dropping to around 100 C in late Nox
vember, remaining around this level until February, before stowly climbing to
around ]70 ¢ by the end of April (Figure 3). Hydrogen ion concentration was
low {high pH values) in August shortly after pond filling. During September
it ranged around 8.5, dropping to below 8.0 in October, finally reaching a

low of 7.2 in late November (Figure 4). pH values fluctuated around 7.5 until
mid-April when under heavy feeding, lengthening days, and increasing phyto-
plankton activity brought pH values up to.near 8.5. Dissolved oxygen generally
remained high. 0.0.levels below 5 mg/l were recorded only during mid-late
October (Figure 5). Although the plant community of the pond was changed

from one of mainly phytoplankton to one mainly of macrophytes by pond level
changes on November 17, there was no reflection in dissolved oxygen levels In
the pond, which remained over 10 mg/1 throughout the remainder of the experi-
ment. Water clarity, which reflects mainly the plant community of the pond,
was quite different before mid-November {(1ow visibility), compared to after
mid-November (pond bottom almost always visible) (Figure 6). This was due to
water mixtures being altered on 17 November as noted previously. Relative
nitrogen nitrate values were inversely correlated with phytoplankton, with
relatively higher nitrate values occurring in the absence of high phytoplankton
(Figure 7). An incipient phytoplankton bloom began appearing in late April,
with nitrate showing a steady decline, Nitrogen as ammonia could be cate-
gorized into two periods - an early period (7 August - 2 October) with higher
relative values and a later period (3 October - 7 May) with lower values.

Peak value (3.6) during the early period occurred both on August 10 and Sep-
tember 26. .In the later period, peak value was 1.4 on 17 November, with two
values in the 0.5-0.6 range occurring in May. Nitrogen as nitrite was always

low, with only one reading out of 27 determinations over 0.1 Hach units.
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Supplemental Feeding

Six kinds of low=cost or waste food were fed to coho fingerlings in

South Pond: live Daphnia magna; beef liver; ground frozen Dover sole fillet

carcasses; ground frozen shrimp offal; fresh crab offal; and miscellaneous
organic matter. A total of about 2,400 pounds wet weight of this material
was fed (Table 4}). The only material which was not available free was Dover
sole carcasses purchased at 5 cents per pound. Dover sole and ground shrimp
offal had been prepared for a crab feeding experiment. Daphnia was obtained
by fishing a fyke-net in the ﬁutfall channel of the Arcata oxidation pond.
Fresh crab offal and miscellaneous fish fillets were obtained from a local
fresh fish market. Most of the supplemental feeding took place from mid-
March until mid-April, although Daphnia feeding began on 5 December 1975.
Material was hand=fed from the pond periphery, or from the middle of the
pond from a boat, Crab offal was chopped into small chunks with a blunt
shovel in an aluminum tub prior to feeding. Dover sole and shrimp offal had
been ground and stored frozen until fed.

No supplemental feeding was given the coho reared in the h-square meter

fixed pens,

Survival Rates

A total of 34,900 coho fingerlings were planted into South Pond on three
separate dates (Table 5). Most of the fish had been reared at the HSU hatch=
ery, while 4,900 were from a rearing experiment to test the holding capacity
and water quality of one unit of the four 1,000-gallon aquaria system for
marking and holding smolts., Of the 30,000 fish from the HSU hatchery, 10
percent (3,000) were marked by removing the left ventral (LV) fin. The 4,900
fish planted from the 1,000-gallon aquaria had received a standard terramycin

treatment (Allen, Busch and Morton 1976) which had been used to arrest
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Table 4. Wet weight in pounds of supplemental feeds, coho salmon, South
Pond. 5 December 1976 - 5 May 1976 (Experiment XII).

Feeding Type of feed

Period Live Beef Dover sole Shrimp Crab Misc.
Daphnia Tiver carcasses offal offal

5 Dec 75 - 277

5 Feb 76

11 Feb c3 18

11 Feb - 118

17 Feb

18 Feb = 1,026 645 120 137 6

5 May

Sub Totals 1,47k 18 645 120 137 6

Grand Total 2,500
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Table 5. Number and average size of coho parr planted in South Pond

September-October 1975 (Experiment XI1).
Date Number Average Size Rearing Location
Planted Fork Length Weight
(mm) (gm)
21 Sep 2,000 Th 5.8 Tank 1, 1,000-gallon aquaria,
fish barn,

26 Sep 2,900 74 5.3 As above

13 Oct 30,000 86 7.9 HSU fish hatchery

Total 34,900

% 3,000 marked LV.
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mortalities from an epidemic of Vibrio. Total production was 15,800 fish

(45 percent of the fingerlings planted). Most of these fish were smolts as
shown by three criteria discussed later. Of smolted coho obtained from South
Pond, 14,479 were planted in several locations for a variety of experimental
purposes (Table 6).

On 13 October 1975, 100 coho were planted into each of four L-square
meter fixed pens. Salmon from one pen escaped into the pond during partial
draining of the pond on 17 November 1975. |In the other three pens a very
high survival (84-89) percent were recovered on 7 May after 206 days of

rearing (Table 7).

Smolting Studies

As noted previously, major attention was given by the project to studies
on smolting since this was the first experiment where all the necessary fa-
cilities were available to carry a group of salmon through the entire catching,
holding, marking, and planting process. This work was primarily carried out
by Del Sarto (1976). A review of the smolting proceSs and prior work done on
our pond system by Collins (1976) and Hume {1976) will not be covered here,
Major phases of smolt studies undertaken during the spring of 1976 on our pond
system included:

1. Gill enzyme analysis following methods of Zaugg and MclLain (1970) as
modified by Collins and Kerstetter. [norganic phosphates were deter-
mined by methods of Fiske and Subbarow (1925), and protein analysis
following Lowery et al. (1951). Samples of fish for analysis were
taken by seining, and from catches in a smolt trap described below.

2. Selective trapping of smolts from the pond by use of a single-entrance,

stainless steel trap fitted into a slot originally designed into the
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Table 7. Percent survival, and size of 100 coho salmon fingertings in h-square
meter fixed pens, 13 October 1975 - 7 May 1976, South Pond (Experi-
ment X11).

Pen Substrate and ModificatIOnl/
Gravel Mud Qyster Shell
7 stringers of no reefs no reefs
Parameter 1-sq foot astro- no pen cover pen cover

turf material;
no pen cover

Percent Survival

Fork Length (mm)

Weight (gm)

85

Min Mean Max

84

Min Mean Max

89

Min Mean Max

60 81 117

3.1 8.2 19.7

60 87 119

3.1 8.2 k.7

62 87 121

3.0 8.4 22.2

1/ Fish in pen over Hookton soil lost into pond through hole under pen base-
boards during towering of pond on 17 November 1975.
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headgate structure of each pond. This collecting system (Hume and
Allen, Under review) caught fish only when a current of water was
directed through the trap. This current stimulated the outlet flow
from a lake or pond. Salmon in moving downstream (downstream-
migrant - DSM) prior to, or part of the process of smolting (Phys-
jological changes leading to salt-water adaptation by the salmon)
are presumably negatively rheotatic at this stage. Two year's pre-
timinary work on the principle on fall chinook salmon by Hume {(1976)
indicated that sufficient water flow to attract fish could be pro-
duced through the trap by using a small electric outboard motor
mounted in front of the trap.

3. Comparison of size and visual appearance of coho salmon reared in
L-square meter fixed pens to pond reared fish for degree of smoiting.

4. Study of degree of smolting by visual appearance of the fish randomly
sampled from the pond by seining.

5. Bioassays to ascertain degree of saltwater tolerance on fish classi-
fied as smolts by visual appearance.

6. Actual stream behavior of smolts and non-smoits by recovery of groups
of coho planted into Jolly Giant Creek and recovered in a downstream
-migrant trap.

Results of studies 2-5 will be reported here, and studies 1 and 6 are

under analysis.

During the present experiment, a classification of parr, presmolt, and

smolt based upon external appearance was developed as follows:
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Maturity Description

parr skin color yellowish, fins yellowish; strongly developed
parr marks.

presmoit skin color only faintly yellow; fins clear with stight
touches of black along distal edges; parr marks present
but not bold.

smolt no yellow tinge to skin color; fins clear, with dorsal and

anal fins with a very dark distal edge; parr marks faint to
absent; scales with silvery sheen; dorsal portion of body
often quite dark.

On March 16, a smolt was reportedly caught in a single~funnel stationary
trap but physiological condition and external appearance of the specimen was
not verified. On March 18, the smolt trap (Hume 1976) was fished from 2000
to 0100 but no fish were taken. On March 29, entries into official log for
the experiment noted a definite schooling behavior of the fish was occurring
in the pond, On April 2, the Hume trap was operated during the night with no
catch. On 6 April, a smolt (125 mm in fork length and 19 grams in weight)
was taken by seining, while 8 more were taken in the Hume trap during that
same night {Table 8). The Hume smolt trap was then operated as often as per-
sonnel was available.

From April 6 to May 6, a total of 6,256 smolts were taken in the trap at
an average rate of 27 smolts per hour (Table 8). Although the catch rate per
hour was higher for daytime hours (30 smolts per hour) than for night (22 fish
per hour), this difference was primarily due to the catch made on the mornings
of 23 and 24 April when 34 percent of the total smoflt catch in the Hume trap
occurred. This catch was not due to a greater fishing effort but due to a
very high rate of catch (Figure 8). The catch occurred just as a weather
front passed through the local area. Personnel recorded a dramatic change in

the coloration of the fish in the pond on April 13, signalling a rapid process

of smolting was underway. A sharp elevation of gili enzyme levels occurred
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in trapped smolts in late April and early May (Del Sarto 1976} indicating
fish were ready for saltwater at this time. Levels of Na' and K' ATPase
were always high in trap-caught fish as compared to the same ltength of fish
sampied from the pond (Del Sarto 1976)}. Coho smolts planted in Jolly Giant
Creek in mid=April had the highest rate of recovery in a DSM trap operated
just above tidewater, confirming the assumption that coho classified by ex-
ternal features were migrating quickly to the ocean on planting., Thus we
are certain that little *'residualization' (Royal 1972} occurred in these fish,
Details of these studies cannot be reported here in the interests of space.
It appeared likely that the capacity of the smolt trap had been exceeded
during the period April 23~25 when nearly 2,000 fish were captured (Table 8),
and a maximum rate of catch was experienced (Figure 8). Thus we initiated a
program of seining to assist in smolt harvesting. A small, deep, gravel-
bottomed area existed between two sets of pens in the northwest corner of
South Pond (Figure 1}. By luring groups of coho into this area with feed,
large samples of fish could be easily obtained. Seined fish were removed to
holding tanks in the fish barn for processing. All LV-marked fish were se-
gregated and planted. On April 26, unmarked fish were all given an RV=mark,
with parr returned to the east end of South Pond and smolts retafned for
planting. After April 26, any RV-marked coho recaptured were also segregated
into smolts and non-smolts, with non-smolts also returned to the pond, Of
the 6,600 fish handled, only 843 smolts were obtained from this seining pro-
gram. This was due to the fact that less than 1/5 of the pond population
were in smolt conditions at any one time (Table 9)., The smaller RV-marked
parr returned to the pond onlty started approaching full smolting stage by
early May; This is consistent with general relationship that smolting is

not only dependent on temperature and photoperiod, but on size of fish (Hoar

1976).
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Table ©. Percentage of smolts by mark in random samples of coche seined from north-

west corner of South Pond, April-May 1976 (Experiment XI1).

Date Number Number of non-smolts and
sampled coho smolts by mark
examined Lul/ RV Unmarked
nen smotts Percent non smotts Percent
smolts smolt smolts smolt
2/ 2/
April 26 1,008 89— - - - 826 93~ 1.0
April 27 1,514 85 235 12 0.5 gl 238 20.1
Aprit 28 1,122 91 225 15 6.2 696 95 iz.0
April 30 121 5 41 2 7.0 6l 12 164
May 1 6Ly L5 186 10 5.1 343 63 15.5
May 32/ 2,163 96 629 85 11.9 1,135 218 20.6
Totals 6,575 L1y 1,316 124 5,005 719
Ly
May 7~ 2,189 134 569 1,486
1/ No separation of LV-marked fish into smolts and non-smolts attempted,

fnitial use of data recording system resulted in some confusion and loss of
data. These were our hest estimates from existing records.

Part of this sample processed on 4 May and part on 5 May, consequently a portion
of the increased percentage of smolis may have been induced by holding, However,
temperatures in aquaria in fish barn were consistently 4-5° ¢ Tower than in South
Pond, thus acting to retard smolting processes.

No separation of remaining coho removed into non-smolt and smolt categories
attempted, since it was imperative to move fish quickly to planting sites as
entire population was reverting to parr status.
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About 2,200 coho remained in the pond on May 7 and were removed by
draining (Table 9, Footnote 4), Applying the rate of smolts found in random
samples taken May 3, about 1,700 of the fish in the pond on May 7 were prob-
ably either parr not going to smolt, or presmolts in the process of reverting
to parr. These fish were roughly 12 percent of all coho recovered from the
pond. {In the future, it may be possible to have virtually all smolts in the
residual population simply by retaining the salmon in the fish barn in colder
water, and feeding standard salmon peliets for a short period.

The effect of size of coho on time of smolting could be discerned pri-
marily by comparing size of smolts planted, percentage of parv, presmolts,
and smolts from coho reared in L-square meter pens, and size of coho recov-
ered in Jolly Giant Creek downstream migrant trap. Prior to planting, smelt
size was measured by counting the number of fish in a 1-pound sample {(rarely
a 2-pound sample) (Table 10). We felt that early-trapped smolts were some-
what larger than those taken later in the trapping season, however, we failed
to take sufficient systematic samples in the early part of the trapping to
prove this (Table 17). In later portions of smolt trapping, weights of from
26-38 per pound characterized all fish, with the LV-marked fish being con-
sistently smaller in size than unmarked salmon (or recently RV-marked fish).
tn all cases, from April 20 until May 7, the average size tended to remain
fairly uniform. The lengths of a random sample of RV-marked and unmarked
coho salmon recovered when the pond was drained on May 7 were representative
of smolts weighing 31 per pound (RV-marked) and 33 per pound (unmarked)
(Figure 9). Assuming that any fish under 100 mm is probably not a smolt,
then 80 percent of these fish would be in the size range suitable for smolt-
ing. In contrast, coho reared in b-square meter pens had a much smaller

average size (Table 7) and were roughly 70 percent parr (Table 12). However,
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Table 10. Number of smolts in l-pound samples taken prior to planting,
South Pond, April-May 1976 (Experiment XI1).

Date Group of fish

Ry Unmarked Ly
April 20 34
April 27 32
April 28 34
April 30 - 26 35
May 1 n
May 3 33 33
May L 30, 28 35, 37
May 5 33
May 10 33, 35 37 34
May 11 3L, 36, 38 29, 30, 33 34, 36
May 12 35 - 29, 32, 34, 35 34
Number samples 15 8 8
Range 26-38 29-35 33-37

Mean 33 32 35
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the few fish in the pens that had smeolted were all over 100 mm and 12 grams,
but with some of the presmoits, and even parr, exceeding this minimum size
(Table 13).

The size of smolts from South Pond were very similar to wild DSM coho in
Waddell Creek, California: “Despite variations caused by seasonal conditions,

within any season 95 percent of the migrants passed the dam during the nine-

week period April 8 to June 9 at age 1 and at an average size of from 103.11

to 116,61 mm'* (Shapovalov, L. and A, C. Taft 1954),

Grouth

Beginning at a mean length of 74-86 mm and mean weight of 5.3~7.9 grams
depending on time of planting (late September to mid=-October, 1975, Table 5),
the fish attained an average length of 111 mm and 15 grams average weight by
May 7 (Figure 9). Little growth in the ponds occurred during the fall (Table
14), nor during winter (Table 15), With increasing water temperatures and
supplemental feeding in March, the coho grew rapidly during the spring (Table
15}). Salmon with a LV clip when placed into the ponds were always smaller in
size than unmarked fish (Tabie 10 and 11},

As noted previously, the larger fish smolted first, and these fish were
selectively caught in the Hume trap. This idea was supported further by the
size of fish seined from the pond on April 21 (Table 15) as compared to the
size of the fish taken in the Hume trap on April 23 (Table 11). It is also

shown by size of smolts as compared to non-smolts in pen-reared fish (Table

13).

Fish Health
Coho smolts were uniformly free from any external signs of parasites or

disease. Very little loss of scales during holding and marking were recorded.
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Table 12. Percent smolting maturity of coho salmon attained May 7, 1975,
from 100 salmon planted in 4-square meter pens, October 1975
(Experiment X11).
Maturity Pen Substrate
Gravel Mud Shell
Smolt 3.7 2.4 6.7
Presmolt 25.6 31.0 24,7
Parr 70.7 66.6 68.6
Table 13. Fork length in mm and weight in gm by stage of maturity of
coho salmon recovered from L-square meter pens, May 7, 1976
(Experiment X!1}.
Maturity Length Weight
Min Mean Max Min Mean Max
Smolt 103 113 121 12.3 15.9 22,2
Presmolt 80 a5 115 6.8 10.2 164
Parr 60 81 117 3.1 7.0 15.8
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Figure 9. Fork length (mm) of random samples of RV-marked and unmaried
coho salmon (N = 50) from about 200 fish taken from South
Pond on May 7, 1976 (kxperiment XII). (Weight (gm): RV mark -
mean 14.8 and range 8,6 - 20,.8; unmarked — mean 13.7 and
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Table 14. Length and weight of coho salmon caught in l-meter long, single-
funnel cylindrical traps fished throughout South Pond, October -
December 1975 {Experiment X11}.

Date traps Number Number of Fork length

examined of traps coho salmon Min Mean Max
fished measured

Oct 30 11 57 75 78 96
Nov 1 10 55 60 82 115

Nov 4 11 18 78 85 96

Nov 20 10 24 68 81 100
Nov 22 10 19 63 79 93

Nov 25 10 L1 6L 83 105

Dec k4 10 33 76 92 nt

1/
Dec 19— 7 0 - - -

1/ Study discontinued due to dramatic decrease in turbidity due to partial
pond draining on 17 November 1975 making traps ineffective (see Figure

6 )-
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Virtually no mortalities due to handling could be identified, with mortalities
being mechanical injuries or from fish jumping out through openings left by
improper placement of screens over holding tanks.

In late May and June, chinook salmon from North Pond and rainbow trout
fry from the HSU hatchery all contacted vibriosis when held in recirculating
aquaria with water employed during holding and marking of coho smolts in early
and mid-May., Heavy mortalities were manifested in 5-10 days after exposure,
From May 28 to June 9, a Vibrio challenge experiment was conducted by project
personnel at the HSU fisheries department fish pathology laboratory on coho
salmon smolts. Only three mortalities occurred among the 30 coho smolts
tested in three solutions subjected to a single initial inoculation of Vibrio
at a concentration in the tank of 106 organisms/m} of water (Table 16). The
Vibrio was grown from a stock isolate taken from North Pond in 1975. Kidney
smears from mortalities were studied for bacteria but no bacterial infection
was confirmed. These observations are not at variance with the results of

Antipa (1976) indicating that coho salmon have considerable natural resistance

to vibriosis.

Crab Rearing

A sample of juvenile crabs (Cancer magister) was obtained by trapping in

Humboldt Bay in an effort to obtain a large sample of sublegal mate crabs
planned for a pen-rearing experiment. When the crab study was abandoned due
to lack of crabs of the correct size and number, 30 juvenile crabs being held
in aquaria were measured for weight in grams and placed in a 6' x 6! fixed pen
located in the northwest corner of South Pond on 5 December 1975 (Welsh crab
pen W, Figure 1). When South Pond was drained on 7 May, 27 of the crabs (90
percent) were recovered (Table 17). As no attempt was made to feed the crabs,

no growth occurred, and no moltings were noted in the pen. The crabs, however,



Table 16. Vibrio bacteria challenge of coho saimon utilizing 10-galion
aquaria fillted with water, forced-air aeration and cotton
filters, May 28-June 9, 1976 (Experiment XI}) (Fish placed intoc
tanks May 26, and 1 ml of 3-day old culture of 1010 organisms
per ml was added to each tank on 28 May). (Fish fed OMP).

Factor Tank Number
] 2 3
Type of Water South Pond South Pond Trinidad Marine
Laboratory
6
Vibrio concentration 10 /ml 10 /ml ambient level
Salinity ppt 10 10 3L
Temperature °
ranges May 26-29 15-17 15-17 12
Number of salmon tested
Unmarked (UN) 5 5 4
RV-mark (1 month
since marking) 5 3
LV-mark (marked just
prior to testing) 5 3
Total per tank 10 10 10
Number of mortalities 1-RV 1-UM 1-RY

{13 day period)
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were healthy, maintaining themselves well in the sand-shell substrate which
had been specifically provided for them in this pen. The crabs were living
in salinities of 8-10 o/oo for three months (Figure 2). From May 7-20, the
crabs were held in pens in North Pond (in water of 5 o/oo), but only one crab
survived this low salinity. This result indicates that polyculture with a
commercial crab-salmonid combination exists using chinook salmon, as well as

coho salmon and trout.

Miscellaneous Observations

Four other species of fish were recovered from the pond, with the major
biomass being a large number of sticklebacks (around 13,000 af 2.2 grams mean
weight) (Table 18). The stickleback had recently spawned and a vast quantity
of stickleback fry were released into Humboldt Bay.

Many people, students and non-students, volunteered to assist in the fish
marking program, With continuous trapping of smolts keeping the fish barn well
supplied with fish requiring sorting and marking, it was difficult to maintain
control on the auality of marking or on the degree of error from excising the
wrong fin. On May 5, 500 coho smolts were being marked to provide five experi-
mental groups of fish. These fish were examfned for right pectoral marks which
we had been encountering during earlier marking. This group yielded 11 RP
marks (2 percent unauthorized marks). To study the problem further, a careful
examinat jon was made of a sample of 92 coho mortalities which had been pre-
served during the April-June marking period. These mortalities were from fish
that had jumped out of the holding tanks. Six unauthorized marks were found
in this sample giving a rate of unauthorized marks of 6.5 percent (Table 19).

Because of supplemental feeding, no analysis of natural pond productivity
was made for coho reared throughout the pond. However, the standing crop of

fish reared in b-square meter pens without supplemental feeding produced the
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highest such value calculated for any group of fish yet studied whether in
ponds or pens - over 2,000 kg per hectare (Table 20).

Several interesting catches of coho salmon occurred in l-meter single
funnel traps. On 18 November, the day following a major addition of seawater
into South Pond, a single trap located next to the headgate contained 67 ju-
venile coho. This catch was probably associated with salmon reacting to the
Incoming water of high salinity (Table 21}, oOn 19 December, inspection of
five single-funnel traps showed no fish in four traps located away from the
headgate, but 74 juvenile fish in a trap located next to the headgate. No

obvious reason for this high catch could be discerned,

Water Quality

As part of water quality monitoring required to protect Humboldt Bay
aquatic values as determined by the California North Coastal Water Quality
Control Board a bacteriological survey was conducted on North and South fish
pond waters on 28 April 1976 (Table 22). The work was performed by Mr. Andrew
Morton under supervision of Dr, Robert Busch, in the Humboldt State University
fish pathology laboratory.

Untreated oxidation pond water and Jolly Giant Creek water showed much
higher counts in all parameters studied than fish culture water except total
bacteria. Oxidation pond water leaking into North fish pond had values about
one order of magnitude lower than the oxidation pond water, suggesting that
considerable natural purification had taken place. The length of the path of
leakage water or the exact substrate traversed is not known, however, it is
undoubtedly relative short and either through a sand or sandy-loam material.
Fecal coliforms were virtually absent from fish culture water, and very low
counts of fecal streptococci were also recorded. Of these latter two para-

meters, Jolly Giant Creek had higher counts than the unchlorinated water in
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the oxidation pond, These data suggest a probable contamination from human
sources in Jolly Giant Creek water,-although both the fecal coliform and fecal

streptoccoci tests are not specific for human strains (Kenner et al. 1960}.

Table 17. Growth and survival of juvenile commercial crab {Cancer magister)
over sand-shell substrate 5 December 1975 - 7 May 1976, South Pond
(Experiment Xi1),

Survival Growth in weight (gm)
Planted Recovered Percent Start End Gain
Min Mean Max Min Mean Max Min Mean Max

30 27 90 Ly 68 112 b2 70 116 -2 +2 +4




Table 18.  Number target fish species recovered from South Pond, 7 May 1976
(Experiment X11).

Common name Scientific name Numbe r Size

Length Weight

Min Mean Max Mean
Atherinids Atherinjdae 11 130 138 145
(top or
jacksmelts)
Staghorn Leptocottus g 80 112 140
sculpin armatys
i/ :
Stickleback Gasterosteus 13,000 2.2
aculeatus

Bay shrimp Crago few
Goby Gobiidae few

1/ Total weight of 62 pounds was converted by the average weight per fish
as determined in a ! pound sample.

Table 19. Occurrence of fin-marks in 92 coho salmon which had jumped out
of holding tanks (April-June 1976) (Experiment X11) (Fish formalin~
preserved, processed on 10 June).

Unmarked Authorized Unauthorized Total
RV LV BV Ad LP RV RY
RP LP

59 21 6 1 1 2 1 ] 92
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Table 20, Biomass (standing crop) of coho salmon and sficklebacks in
Lesquare meter pens, 7 May 1976 (Experiment XI1).

Species Pen substrate
Gravel Mud Oyster shell
1/

Coho 730.3— 677.3 749.0
Stickleback 79.7 211 197.0

Total 810.0 888.3 946,0
Kilograms/hectare 2,025 2,220 2,340
1/ Grams

Table 21. Salinity profile in South Pond one hour after addition of
10~inches of seawater from Humboldt Bay of 26 o/co salinity,

November 3, 1976.

West Side Middle East Side
(headgate)
Surface 20.0 19.5 | 18.5
Mid-depth 21.4 21.0

Bottom 26,0 24.0 19.0
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EXPERIMENT XIT!
{(November 1975 - September 1976)

Background

Since our initial attempt at higher density planting levels using two ponds
failed (Experiment X - fall chinook), Experiment X|il was designed to repeat Ex-
periment X, but using only a single pond (North Pond).

Spring chinook salmon from the Trinity River Hatchery were made available
by the California Department of Fish and Game for this study, In contrast, fall
chinook salmon from the 1ron Gate Hatchery on the Klamath River were used in all
but one previous chinook experiments.

In previous experiments using fall-run chinook salmon, ponds were drained in
May or June, since fall chinook migrate to the estuaries at this time in local
streams (Taniguchi 1970). Reimers (1973) showed that fall chinook salmon in the
Sixes River, Oregon, did not migrate out of the estuary into higher salinity
waters until autumn. Taniguchi (1970} and Bailey and Gibbs (1954) both indicated
fall chinook migrants did not leave the Mad River estuary (Humboldt County) until
mid-July. Experiment X111 was designed to have a group of chinock salmon reared
at the HSU Hatchery be released into Jolly Giant Creek in May marked left pector-
al (LP), a group of unmarked chinook salmon trapped out of North Pond released
in spring and summer, and the final group of fish either trapped or taken from
the pond by draining, released in August or September with a right pectoral mark
(RP), To provide the higher salinity water presumably required by these fish in
their estuarine residence, the salinity of the ponds was to he increased through-
out the summer.

About 12,000 salmon were retained in the hatchery for this program, as well
as for a source of fish for apalysis of gill enzyme levels (smolting studies)

and for Vibrio-immunization studies. The remainder of the salmon available

(30,000) were planted into North Pond.
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Pond Operation

No major pond modifications were made for this experiment. There was, how-
ever, some re-arranging of artificial reefs and the addition, along the north
bank, of a series of reefs consisting of shredded plastic grain sacks weighted
with bricks. A small extension of the area covered by oyster shell in the west-
ern area of the pond was made to allow better access to mid-pond drainage chan-
nels and to the center portion of the pond. The southwest portion of the pond
bank was bird-proofed by making a steep bank and extending netting out over the
pond bank. This completed bird~proofing of pond banks except for the western
bank which has always been very steep and thus not attractive to wading~type
fish-eating birds.

North Pond, drained on 17 November 1975, remained empty until 25 November,
when oxidation pond effluent was mixed with Humboldt Bay water to provide a mix-
ture near 15 ofoo salinity. In early December, the pond was partially drained
to allow the addition of more oxidation pond water in order to produce a salinity
of near 10 o/oo, target Tevel for the experiment. No major additions or sub-
tractions of water into the ponds occurred, except for some minor released to
reduce elevated pond levels caused by seasonal rainfall, until July and August
when saltwater was added to slowly increase salinities as required by the ex-

periment.

Physical=Chemical Properties

Water properties were studied in the same manner as for Experiment XII
(Table 2). North Pond received a very high amount of wastewater effluent during
this experiment, roughly 1 part seawater to 1 part wastewater during early stages
of pond conditioning (Figure 10). The ratio then changed to 2 parts wastewater
to 1 part of seawater during January and February. Further reduction in salinity

occurred from rainfall with salinities around 8 ppt on introduction of chinook
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Figure 10. Salinity, surface water, North Pond, November 1975 -
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Figure 1l. Temperature, surface water, North Pond, November 1975 —
August 1976 {Experiment XIII).
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fry on Februafy 8. Water temperatures began at about 10° €, rising steadily to
near 20O C during June, then jumping sharply to very warm waters, especially by
late evening, of over 25o C in early July (Figure 11). This extreme warming was
caused by a véry long period in late June and early July of no cloud or fog cover,
usually normal by this time of the vear, coupled with warm air temperatures,
From mid-July through August, heavy cloud cover resulted in relatively normal
summer temperatures for local shallow estuarine and lagoon habitats (18-20° C).
Hydrogen jon concentrations were very stable during most of the rearing period,
fluctuating a little below a bH value of 8 (Figure 12), In late June and earty
July, the pH regime rose suddenly to around 9. This change in pH was correlated
with a change in phytoplankton community. During most of the experiment, pond
was an amber color, and fairly clear (Figure 13), but in late June it changed
almost overnight into a green color with much lowered visibitity. This phyto-
pltankton was identified as primarily Chlqre!]a, with small amounts of Chaeto-
ceros. The bright sunlight, high temperatures and increased number of phyto-
plankton increased the rate of photosynthesis. This caused a pronounced change
in the dissolved oxygen regime in late June (Figure T4}, It is likely the Tow-
ering of the oxygen level to near 5 mg/1 signalled a change in phytoplankton
community, with a new vigorous population then producing an excess of oxXygen.
Earlty oxygen levels at first fluctuated widely with pond water additions and
subtractions, maintaining high levels {13 - 15 mg/1) in early winter, before
starting a slow downward trend during the time the fish were in the pond (10
to 6 mg/1 from February to tate June), August showed stable values around
10 mg/1 of dissolved oxygen.

Nitrogen as ammonia, nitrite and nitrate, all showed extreme fluctuations
in the early phase of the experiment when pond water stabilization was occurring

{November and December). High values of ammonia as measured in Hach index units,
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Figure 12, Hydrogen ion concentration, surface water, North Pond,
November 1975 - September 1976 (Experiment XIII).
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were present only during water stabilization (Table 23), with low values during
periods of fish rearing. Nitrate initially climbed sharply, probably due to
death of freshwater algae introduced with the wastewater from the oxidation pond,
since nitrate values were initially low (Figure 15). With no pond water mani-
pulations during the experiment, a stable system developed with nitrate remaining
around 100 mg/1 Hach units. This nitrate value disappeared with the change in
phytoplankton population in late June. Apparentiy the new growing phytopiankton
consumed all pond nitrate. Nitrite was always low, in the period 25 November -
December 31, with most values within the range of 0-24-0.55 mg/1 Hach units

(N =6), and other values less than 0.1 mg/!T (N = 3)}. 1in the period 1 January -
25 June 1976 ammonia values were all less than 0.1 mg/1 Hach units (N = 12).

During the experiment, alkalinity ranged from 122-150 mg/1 (N = 7).

Supplemental Feeding

A total of about 600 pounds (wet weight) of supplemental feed was given to
spring chinook salmon (Table 24). Supplemental feed consisted mainly of live
Daphnia obtained from studies or harvesting methods from the oxidation pond
(Harrington, J. 1976, personal communication). Feeding Daphnia was primarily
to monitor the distribution and behavior of the salmon rather than increase pro-
duction since there appeared to be sufficient natural feed in the pond to sustain
adequate growth, Smail amounts of frozen, ground Dover sole carcasses and fresh
crab offal were also used to observe feeding behavior of the chinook salmon on
this type of material. More feed was given during May and June than during the
winter months. On 28 June, the fish stopped feeding, at lTeast at the surface,
with the development of a dense phytoplankton bloom as noted earlier, and little

additional food was given after this date.
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Table 23. Ammonia nitrogen, North Pond, 25 November 1375 - 25 June 1976
(Experiment XI11).

Class Period of pond Period of fish
interval stabilization rearing
(N-NH3 mg/1 (25 Nov - 31 Dec 75) (1 Jan - 25 Jun 76)

Hach units}

0.0-0.49 0 7
0.5-0,99 1 3
1.0-1.49 2 2
1.5-1.99 1 0
2.0=2.99 0 0
3.0-8.00 5 0

Number determinations 9 12




60

Table 24, Wet weight in pounds of supplemental feeds, chinook salmon,
North Pond, 11 February 76 - 27 June 1976 (Experiment XiI1).

Feeding Period

Type of feed

Live Ground, frozen, Fresh
Daphnia Pover sole crab
carcasses offal
11 Feb = 6 May 253
7 May = 27 Jun 274 42 Lo
Subtotal 527 L2 Lo
Grand Total 607
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Survival Rates

On February 9, 1976, 30,000 spring chinook fry averaging 40 mm in fork
length and 0.6 grams in weight were placed into North Pond. In order to obtain
comparable rates of survival from this experiment which could be compared to
fall chinook salmon survival rates from past experiments, a mark-and-recapture
study was made on May 8, 1976 (Table 25). A total of 1,639 salmon, captured
by seine, were marked by removal of the right pectoral fin {RP)} and released
in the pond, Subsequent sampling of the pond by seine and dip-netting, plus
examination of salmon taken by active fishing of the Hume-trap from South Pond,
allowed several estimates of the population using simple marked~to-unmarked
ratios (Table 26). On July 17, chinook salmon were seined from six 4-square
meter pens, marked by removal of the adipose fin (AD), and planted into two
locations. A sample from the pond gave an additional estimate of size of the
population by use of a marked-to-unmarked ratio {Table 26}.

Survival of spring chinook salmon from May through July varied from an
estimated 77 percent on May 8 to a low of 17 percent on July 17 (Table 27).

The estimate of 77 percent on May 8 was undoubtedly too high since the Schnabel
technique produces only good estimates with many more trials than could be
compieted. Thus additional sampling on 14 May, which added to the Schnabel
data, probably produced a more accurate estimate (60 percent). No abnormal
conditions were recorded in the six days between May 8 and May 14, giving no
reason to believe any undue mortality had occurred in either marked or un-
marked éalmon during this interval. 1In the period May 14 - 20 the estimated
number of salmon in the pond from seven separate point-estimates ranged from
60 to 37 percent (Table 27). Any of these estimates were higher than any pre-
vious survival rates for chinook rearing experiments conducted during a com-

parable spring season. The degree of improvement in survival rate from the

best prior experiment was in the range of 6 to 33 percent.
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Table 26. Estimates of number of spring chinook salmon in North Pond,
May, 1976, using marked to unmarked ratios in single samples
of fish (Petersen or Lincoln index) (Experiment X!{11).
Date Number of Number of Number of
fish marked fish marked fish Estimate of
in sample in pond captured number of fish
(A) (B) (c) in pond
(A)(B)/(€E)
Small fish Small fish
excluded included
1/
May 14 236 1,639~ 36 10,755
317 1,639 36 14,432
May 18-19 1,291 1,639 167 12,670
May 20 Loz 1,639 68 9,810
July 17 140 1542/ 4 5,390
170 1662/ 4 7,055
140 1,639 24 9,560
170 1,639 24 11,610

1/ Total number of salmon with right pectoral fin removed placed into

pond on 8 May (See Table 25).

2/ Fish from six Lesquare meter pens removed, adipose fin removed,

placed into pond at 2 points and 2 seine samples taken to obtain

marked=to-unmarked fish,
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Table 27. Estimated number of spring chinook salmon in North Pond during May-
July, 1976, as determined by mark-and-recapture techniques, and
number of salmon recovered on draining pond, (Experiment X111).

Date of Schnabel technique Petersen technique Estimated
study {small fish excluded) Small fish Small fish percent
included excluded survival
May 8 23,000 77
May 14 18,000 T4, 000 11,000 60-37
May 18-19 14,000 13,000 Le-L3
May 20 13,000 ' 10,000 £3-33

July 17 7,000 5,000 23-17
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Reef Studies

As part of continuing investigations on the potential of under-water reefs
to enhance growth and survival of pond-reared juvenile salmonids, groups of sal-
mon were reared in pens fitted with two kinds of structures:

1. New Zealand flax plants

New Zealand flax plants obtained from University construction sites were
employed in two pens (Table 28). Roots and fronds of each plant were loosely
bound with nylon cord. As the plant's roots were heavier than water, each unit
remained on the bottom without weights, Two plants of about six feet in overall
length were used in each pen. These plants were utilized as construction mater-
ial by native New Zealand people because of the large amount of fibrous materials
in all parts of the plant. It appeared reasonable to assume that this same pro-
perty would be useful as a substrate for benthic organisms. A number of these
plants have been used for landscaping around project buildings so that trimmings
will be always avaitable for underwater reef construction.

2. Sock-rock reefs

The second type of underwater structure utilized mainly inert materials.
Sections of tubular plastic mesh about 50 cm in length and 10 cm in diameter
were filled with substrate material, weighted at one end with a piece of brick
and buoyed at the other with a plastic float. The units stood vertically in
the water. Substrate material consisted of pieces of burlap or uphclstery
scraps {cotton and plastic). Substrate material consisting of about 50 small
Tive oysters per unit were also employed.

Two different planting densities were selected in reef-pen studies (Payne
pen, Figure 1}, '"Inside” locations next to the fish pond bank were supplied
with 50 salmon each. These pens are subject to poor circulation and to seep-

age of oxidation pond water. ''Outside” pens were located away from the pond
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bank and are ﬁubject to water circulation from the fish pond as the pens ex-
tend their full length inte the pond., ‘'Outside' pens were seeded with 100
salmon per pen,

We monitored the activity of fish in these pens during the experiment by
feeding live Daphnia. The fish showed the same vigorous growth and feeding
behavior as pond-reared fish., They also reflected the stress from high water
temperatures and associated water guality changes in late June and early July
by decreased feeding and activity. It was always possible, however, to attract
feeding fish to the surface. The appearance of thin, lethargic fish in mid-
July suggested that the experiment be terminated at that time in order to
obtain some information from the study. Consequently, on 17 July 1976, the
pens were seined and all fish placed in 1,000 gallon tanks. Each fish was
subsequently weighed and measured, the right pectoral (RP) fin excised, and
returned in equal portions to each corner of North Pond,

Survival in the pens ranged from 26-58 percent, with an overall rate from
all six pens of 37 percent. This was higher than survival of pond-reared fish
(Table 27). This result is consistent with all past experiments in having
survival of pen-reared fish higher than pond-reared fish. The average size
of pen-reared fish were slightly smaller than the size of salmon obtained from
the ponds by seining at the same time (Table 29). Visual observations in late
June strongly suggested that some salmon in the pens had reached 90100 mm.
Undoubtedly the high water temperatures in late June reduced the salmon's
natural defense mechanisms against disease. We assume that salmon died of
vibriosis, although positive confirmation was not made due to lack of personnel
during summer at our fish patholegy facilities to conduct the tests. Fish with
obvious hemorrhaging were noted while measuring of pen-reared fish, and it is

very clear that the larger fish definitely had more serious external evidences
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Table 29, Length and weight of spring chinook salmon recovered from
h-square meter pens, northwest corner of North Pond,
17 July 1976 (Experiment XII1).

1/

Pen— Fork Length {mm) Weight (gm)

No. Min Mean Max Min Mean Max
1 55 64 73 2.4 3.2 5.1
3 50 61 78 1.5 3.0 5.0
5 52 62 83 2.1 3.2 6.8
2 Lg 60 88 1.5 3.1 7.8
4 hg 57 77 1.5 2.6 3.8
6 48 58 77 1.6 2.8 5.0

1/ Location and modifications of each pen shown in Table 28, as well as
number of fish recovered,
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of disease, About 8 percent of pen-reared salmon were infected to the poinf
where obvious external symptoms could be readily detected (Table 30).

There was some indication that underwater reefs in these pens improved
survival. For both the inside and outside location, pens with New Zealand
flax plants had the highest survival (Table 28), and also produced the largest
fish (Table 29). MNo meaningful differences in growth or survival occurred be-
tween pens on the inside positions and those on the outside positions, although
variability in survival between the pens was greater for inside than outside
pens (Table 28), but the reverse appeared for size (Table 29). Thus, it seems
more 1ikely that water quality probably was the most significant factor in
determining growth and survival between pens. Explanations as to the increased
survival in pens as compared to fish reared in the pond remain speculative.

Salmon were reared in b-square meter pens (Sharp pens, Figure 1} at a den-
sity of 100 fish per pen. Two of the pens developed holes during the seven
month rearing period. Recovery in September in the remaining two pens was:
over gravel, 3 percent and over oyster shell, 1 percent, rates much higher

than for pond-reared fish.

Growth

No systematic trapping of samples of spring chinock salmon during Experi-
ment X111 was carried out due to lack of manpower. There were, however, a
number of samples of salmon from North Pond which gave some rough picture of
the growth during pond rearing (Table 31). Samples of salmon were obtained by
use of a small seine near the headgate structure for downstream-migrant studies
(Del Sarto 1976), and for samples of larger fish for gill enzyme analysis as
part of smolting studies. Samples were also available from active fishing by
the Hume trap which was moved on May 18 from South Pond, and placed in operation

in slot behind North Pond headgate. The trap caught chinock salmon until
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Table 30. Number, percent, and length of spring chinook salmon with obvious
hemorraghing, T-square meter pens, northwest corner of North Pond,
17 July 1976 (Experiment XIfl).

Penl/ Number Number Size of salmon

No. recovered hemorraghing with hemorraghing
Min Mean Max

1 13 0

3 20 b 60 67 78

5 29 3 60 65 65

2 37 2 69 69 70

b 33 3 60 69 77

6 3k 1 48

166 13

1/ Location and modification of each pen shown in Table
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July 1976 (Table 32). Average weight was taken periodically on fish taken in
the Hume trap,

A general trend of increased growth throughout the rearing period is
apparent from the accumulated growth data (Table 31), however, the picture
is erratic reflecting sampling biases, as well as the complexity of the Tife
history and physiology of chinook salmon (Hoar 1976, Scholz et al. 1975).

Mean length and weight reached a maximum in late May and early June (72 mm

and 4,7 g from fish taken in Hume trap}. This size is only slightly larger
than the mean size attained by fall chinook in early May 1974 (Table 33) and

in 1975 (about 68 mm and 3.0 gm). The much smaller size of salmon recorded in
samples in the April - mid-May period in 1976, was felt to be sampling bias,
since in late May and June fish of much larger size than the average in the
pond were clearly seen at less than a foot distance when feeding live Daphnia
from a raft moored directly in front of the pond headgate. This is the deepest
area in the pond, and over a forced-air manifold located in the pond's fish
collecting sump. Two of these larger fish appeared in the samples taken during
smolt trapping (26 May: 130 mm, 25.3 gm; 6 June; 130 mm, 25.2 gm}.

During most of the experiment, ''pinheads' {small fish obviously very thin
and debilitated) were quite abundant., A similar group of small fish was also
obvious in the companion lot of spring chinook salmon reared in freshwater at
the HSU hatchery. As previously discussed, pinheads were excTuded from the
mark-and-recapture studies on the size of the salmon population in the pond
(Table 25, Footnote 3)}. On several occasions, samples of pinheads were placed
into 10-gallon aquaria and fed live Dapbhnia. Although they readily consumed
the daphnids, all fish died in a few weeks. No evidence of bacterial infections
could be detected externally. A}l appearances appeared normal except for the

fish's thin condition., Available data on the percent of these fish in the



Fa
Table 32. (Catch of unmarked and marked (RP) spring chinook salmon in
actively fished Hume trap, North Pond headgate, 18 May = 2 June,
1976 (Experiment X111).

Date Number salmon trapped Ratio Salmon trapped

Unmarked  RP markl/ UM/RP but marks not
recorded

May 18 797 . 100 8.0

May 19 327 67 4.9

May 20 7 0

May 21 30 3

May 22 1 0

(May 20-22 38 3 12.7)

May 2h 106 23 L6

May 25 112 17 6.6

May 26 L2 5 8.4

May 27 2 2

May 28 59 8

May 29 i 0

Jun 1 1 0

Jun 2 8 0

May 27=2 Jun 71 10 7.1)

Jun & 98 23 L.3 Lo

Jun 7 176 60 2.9

Jun 8 32 5 6.4

Jun 9 7 2 -

Jun 10 50 14

Jun 11 7 3

(Jun 9-11 64 19 3.4)

Jun 12 20

Jun 15 35 14 2.5

Jun 21 69 15 L6

Jun 22 i3 6

Jun 23 6 1

(Jun 22-23 19 7 2.7)

Jun 24 0 0

Jun 28 o 0

Jun 30 0 0

Jul 1 60 15 Lo

Jul 2 L 10 .o

Jul 6 8 0

Jul 7 2 0

Jul 8 [ 0

Jul 12 0 0

Jut 13 ¢ 1

Jul 14 0 0

{Jul 6-14 11 1 11.0)

Aug 30 0 0

Aug 31 0 0

Sep 1 0 0

Total trapped 2,098 394 5.3 60

Jul 1?2/ 140 30 L.7

1/ A total of 1,639 salmon with right pectoral fin {RP) excised released
" into pond May 8-14, 1976).
2/ Seine sample,

3/ Continuous operation, Aug 30 - Sept 1.
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Table 33. Length and weight of fall chinook saimon, North and South
Ponds, May 7, 1974 (Experiment VII) based on k-day formalin
preserved samples.

Factor North Pond South Pond

Sample size 129 134

Fork length {(mm)
Mean 66 68

Range - 55-91 57-90

Weight {gm)
Mean 3.4 4.1
Range 1.7-9.0 1.8-7.3
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population was not precise. During mark-and-recapture studies (Table 25, May 8,
Samples 1-5, and May 14, Samples 1 and 2) smaller, obviously thin, fish were set
aside as 'pinheads' but no length measurements were made of a sample of these
fish. The size of 'pinheads" noted in the recovery of pen-reared salmon on

17 July, indicated that any fish less than 2.0 grams in weight in samples taken
after April could be so designated. An examination of all data which could be
used to estimate a percentage of pinheads (Table 34) suggested that throughout
the experiment about one fifth of the salmon were in this category (excluding

earlier periods when all fish were small).

Smolting

With completion of smolt-trapping in South Pond and processing of all coho
salmon, the Hume trap was placed into operation in North Pond on May 18, and
operated until July 14 when the trap ceased catching salmon (Table 32). About
2,000 salmon were taken in the trap. The initial surge of salmon taken on May
18 and 19, were all small fish, and could be classified as "pinheads' on the
basis of size. However, the fish were not thin and debilitated as typical pin-
heads. Reimers (1968, 1973) has reported downstream movement of small chinook
salmon. As the trapping progressed, the numbér of salmon taken decreased stead-
ily. Unfortunately measurements of length of salmon were not taken in the latter
part of this trapping period due to reduced manpower. The fish taken later in
the season appeared to be larger but we have no supporting quantitative data.

A thordugh analysis of chinook salmon smolting was made by Del Sarto (1976).
The study consisted of Na® and K -ATPase gill enzyme analysis of salmon from
the pond and compared to those from the Hume trap, and studying the time of
migration of presumed smolts and nén-smo]ts, marked and planted into Jolly
Giant Creek above a down-stream migrant trap (Table 35), Although details of
these studies will be reported elsewhere, cursory analysis of chinook salmon

planted into Jolly Giant Creek caught in a downstream migrant trap, showed



76

Table 34. Percent of small fish (pinheads or fish less than 2.0 grams) in
sampies of spring chinook salmon, North Pond, May-July 1976
(Experiment XI111).

Date Type of sampling Percent pinheads,
sampled or size of fish
Mar 31 Seaine 75
Apr 14 Seine 100
Apr 30 Seine 88
May 8 Seine Sample 1 18

Sample 2 13
Sample 3 21
Sampte 4 14
Sample 5 16
May 14 Seine Sample 1 23
Sample 2 3]
May R5 Seine 60
May 18 Hume trap 1.4 gms mean wt.
May 19 Hume trap 1.2 gms mean wt,
May 20 Dip net 2.0 gms mean wt,
Seine 1.8 gms mean wt.
Jun 17 Seine 0
Jul 17 Seine 0
Jul 17 Seine Sample 1 18
Sample 2 17
Jul 17 Removal of all fish reared 1/
in L-square meter pens 12—

1/ A1l fish listed as a ''pinheadt (usually 1.5-1,7 grams) plus all others
weighing Tess than 2.0 grams,
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Table 35. Number and mark of spring chinook salmon obtained by seining
pond planted above down-stream migrant trap, Jolly Giant Creek,
March~July, 1976 (Experiment X!I1}.

Date Planted Number Mark
Mar 31 _ 271 RP
Apr 14 250 RP + RO
Apr 30 200 RP + LO

| May 15 200 LP
Jun 17 IOQ LP + LO
Jul 17 100 LP + RO

Total 1,121

RP - right pectoral; LP - left pectoral; RO - partially excised right
opercle; LO - partially excised left opercle.
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salmon planted June 17 appearing quickly in the trap. Gill enzyme levels in
spring chinook salmon were always quite low, and only a few of the larger fish
taken in June showed slight increases in gill enzyme activity. Most spring
chinook trapped or seined from the pond planted below the Jolly Giant trap
were planted from mid-May to early June (Table 36). Final analysis of the

experiment will have to wait for adult returns to the creek (roughly 2-4 years).

Chinook Salmon Planted

The decision to not drain North Pond until September reduced drastically
the actual number of salmon that could have been planted into Jolly Giant Creek
{our designated "home-stream'', Scholz et al. 1976}. Nevertheless, over 4,000
spring chinook from the pond were planted from March 31 to July 17 (Tables 36
and 37). When ponds were drained only 14 fish were caught, and these were held
for observation. About 6,500 salmon reared in the hatchery were also released
into the stream in May. Thus the total number of spring chinook released into

Jolly Giant Creek from all sources was about 10,500 fish (Table 37).

Causes of Mortality

ldentifying precisely the various causes for mortality in juvenile chinook
salmon in our experiments in the ponds has always been difficult, Ia the pre-
sent experiment, however, at least five sources of mortaljty can be discussed
in some detail. These factors are as follows: water quality, geretically in-
ferior fish (pinheads), bird predation, fish predation, and finally stress-
related factors (smolting, high-water temperatures, and disease occurring syn-
chronously).

From February to early May, a very high survival of chinook salmon occurred
{roughly 60 percent over a 18 week rearing period), which corretated with no
periods of unacceptable water quality values to chinook salmon in physical-

chemical parameters monitored. Their was always evidence during this period of
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Table 36. Number of unmarked spring chinook salmon planted below down-
stream migrant trap, Jolly Giant Creek, (2,147 from Hume trap,
remainder from seining pond) May~July, 1976 (Experiment XIl1),

Date Planted Number Remarks
May 18 797 Hume trap
May 19 327 Hume trap
May 26 619 Hume trap, plus fish seined
May 27 661 Hume trap, plus fish seined
Jun 8 .359 Hume trap
Jun 15 156 Hume trap
Jun 21 79 Hume trap
Jul 1 73 | Hume trap

Total 3,071
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Table 37. Summary of chinook salmon downstream migrants planted in 1976 into
Jolly Giant Creek from 1975 brood spring chinook salmon reared in
North Pond and HSU hatchery, (Experiment Xill),

Fin Mark Number Time of Study Remarks
Release :
1/ .
LP 6,500~ Spring plant - effect
- of marking
2/ )
None 3,071 Spring plant - effect Table 36
of marking
RP 721 Downstream migration Table 35
study
LP Loo Downstream migration Table 35
study
3/
RP o= Sept Fall plant « evaluate

rearing to larger size,
and later planting time.

1/ Group of salmon reared at Humboldt State University hatchery and released
in a single group, thus representing routine hatchery procedures.

2/ Unmarked salmon captured in Hume-trap plus remainder of total seined from
pond.

3/ Planned release of larger-sized fish not made as salmon did not survive
stress of high water temperatures encountered in North Pond in late June-
early July period.



81

acceptable pond conditions by steady fish growth, and the presence of vigorously
feeding fish in all parts of the pond, This period of rearing was analagous to

the freshwater feeding stage in natural environments (parr stage). Mortalities

suffered during this stage in the pond were related to the presence of inferior

fish {pinheads - probably around 20 percent) that were destined to die under any
circumstances. Additional losses were from predation by birds and fish.

No specific study on bird predation was undertaken on North Pond during
Experiment X!1F, but Villegas (1975) during November 1975 when fingerling coho
salmon were present in South Pond at a density of about 50,000 per acre (close
to the density in North Pond in April-May in Experiment XIIl) recorded mainly

Forester's Tern (Sterna forsteri) and Bonaparte's Gulls (Larus philadelphia)

catching coho. The overall estimated catch by all birds observed was less than
1 percent of the fish in the ponds and would only represent 5 percent of the
population if the rate was extrapolated to the entire rearing period. These
same species of birds appeared over the ponds during spring, with up to 20
birds appearing over the ponds on several occasions, The birds, however, con-
centrated on South Pond (coho), not North Pond {chinocok). Pond personnel kept
the terns and gulls from feeding efficiently during their short appearance.
Consequently | feel there was no indication that significant bird predation on
the salmon occurred in North Pond and that modifications made to the banks to
prevent predation by wading predators was proving successful.

Both staghorn sculpin (Leptocottus armatus} (34 fish} and rainbow trout

(6 fish) occurred in North Pond during chinook rearing (Table 38 and 39).
Chinook salmon were found in about one-half of the stomachs of a sample of the
staghorn sculpin caught. Trout were not sacrificed so that their degree of pre-
cation on chinook is assumed the same as that for sculpin. Assuming that the
conversion rate (wet weight) from chinook salmon to predator was about 10 to 1,

about 7 percent of the salmon probably were consumed by predator fishes (Table 40).
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Table 39. Size of staghorn sculpin (Leptocottus armatus) taken in
T-meter, single-opening, cylindrical traps, 17 March - 2
August, 1976, North Pond (Experiment X1i1).

Date trap Number Total length Mean length
examined caught {mm)
17 Mar b -
27 Mar 1 -
30 Mar 7 -
7 Apr 4 56, 80, 92, 95 81
10 Apr 4 -
14 Apr 3 68, 78, 100 82
21 Apr 2 100, 120 110
25 Apr ] 85 85
13 Jul 1 145 145
14 Jul 1 160 160
15 Jul ] 125 125
30 Jul 3 100, 120, 135 118
2 Aug 2 115, 1591/ 135
Total 3"-!-3/ 56 - 160 107

1/ Hemorraghing around base of fins.

2/ No sculpin recovered 3 September 1976 when pond drained,
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Table 40. Method of estimating number of chinook salmon consumed by preda-
tory fish, North Pond, February-June, 1976 (Experiment XII1).

A. Estimate of live weight in grams of predator fish produced

Species Number of Live weight Remarks
fish of fish

produced (gm)}

Staghorn sculpin 34 578 Assuming mean length of
1T e¢ms, and mean weight
of 17 grams

Rainbow trout 6 1,232 Data from Table 38
Total Weight 1,810

B. Estimate of salmon consumed

(Weight of predator flesh produced){(conversion ratio) = (1,810)(10) = 6,000
(average size of salmon consumed}) (3.0}

Adjusted assuming only half the diet was salmon and
for five months feeding period (February-June):

6,000(0.5) (5/7) = 2,000
Percent of salmon planted consumed:

2,000 = 6.7
30,000
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A listing of the causes of mortalities during the parr stage of spring
chinook salmon reared in North Pond from February-early May indicated that most
of the salmon could be accounted for (Table 41). The survival could have been
about 5-10 percent higher had not rainbow trout been allowed to escape into the
pond.

As noted previously, during early summer (Tate June and July), a very un-
usually long, hot, cloudless weather pattern caused steadily rising pond water
temperatures. This triggered a dramatic shift in the phytoplankton population,
and on June 28, 1976, the pond changed to a green color from a bloom of Chlorella.
One day later, all fish stopped feeding, and essentially did not resume any ob-
Qious vigorous feeding during the remainder of the experiment. By the end of
August, virtually all of the spring chinook salmon that were retained in the
pond by late June were lost. The salmon during summer were under stress from a
combination of rising water temperature and smolting. The two factors working
in conjunction induced vibriosis, from which the salmon were not able to recover
even when pond water temperatures returned to a more normal summer regime, The
details of our study leading to this conclusion follows.

Examination of length-frequency data for periods from late May onward,
strongly indicated that with the onset of down-stream migration, and presumably
concurrent adaptation to a slowly increasing salinity regime, larger fish were
disappearing from the population. Salmon taken from the pond in July and Sep-
tember were only slightly larger than salmon appearing in late May samples.

Only a single fish over 100 mm was recovered from July and September samples.

An early indication of this phenomenon was one of the larger fish taken in the
Hume trap (3 June; 130 mm, 25.2 gm) showing caudal hemorraghing, and subse-
quently was confirmed as infected with Vibrio. The phenomenon was quite evident
in the Targer average size of fish with obvious hemorraghing as compared to all

other pen-reared salmon examined on 17 July 1976 (Table 30). Under ordinary
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Table 41. Gross estimates of the percentage losses in spring chinook
salmon parr reared in North Pond, February-early May, 1976
(Experiment XI1LI}.

Factor Percentage of original
30,000 fry planted

Estimated survival 60
Inferior fish (pinheads) 20
Fish predation 7
Bird predation 3
Unaccounted or from estimating error 10

Total 100
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conditions, a salmon population entering higher-salinity water through an estuary
would have some normal average rate of susceptibility to indigenous Vibrio in
such waters; however, the elevated water temperatures in late June added addi-
tional stress that even non-smolting fish could not combat in resisting the
disease. This probably was the reason for virtually no mortalities in chinook
salmon taken in the Hume trap in May as opposed to fish taken in June which
showed high mortalities when held in tanks.

Chinook salmon from North Pond reared in North Pond water innoculated with
Vibrio at a relatively low concentration, produced no mortalities over a 21 day
challenge at water temperature levels existing in the pond (Table L2). Water
temperatures were fluctuating between 18 and 20° € from mid-May to late June
(Figure 11). The chinook salmon apparently were able to resist vibriosis in the
pond system as non-smolting fish at temperatures under roughly ]80 C. Even at
elevated temperatures the salmon showed considerable resistance as indicated by
the existence of a substantial population of fish through July. Therefore,
some simple, inexpensfve technique to insure that pond water temperatures remain
below 22--230 C maximum over short periods or below 20° € over extended periods
would enhance summer rearing of chinook salmon. This may be accomplished simply
by hanging inexpensive strips of synthetic material across the pond, or develop-
ing a small area of cool water in the pond sump by use of a recirculating pump
and a water chiller. Standard drug therapy (terramycin, oral vaccines etc.)
just prior to the occurrence of elevated water temperatures would appear feasible
in future attempts to rear chinook salmon through summer periods, even though
some years conditions might not require it (Allen 1975}).

Reimers (1973) reported that populations of fall chinook salmon reached a
maximum in the Sixes River of Oregon by early July, then dropped gradually to a
minimum that remained fairly stable until movement of the salmon into the ocean

in early winter. Reimers suggested that food may have been a limiting factor.
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Table B2, Vibrio bacteria challenge of spring chinook salmon 10-gallon
aquaria fitted with forced-air aeration and cotton filters,
June 23-July 13, 1976 (Experiment Xi1[) (Fish placed into
tanks June 16, and on June 23, 1 ml of 3-day old culture of

8.0 x 10” organisms per ml added to tanks) (Fish fed OMP),
Factor Tank Number
1 2
Type of water North Pend North Pond

Vibrio concentration
Salinity ppt
o
Temperature C range June 21=-23

Number of salmon tested
Unmarked (UN)
RP-mark (previous mark)

LP-mark {marked just
prior to testing)

Total per tank

Number of mortalities
(21 day period)

L
8.0 x 10 /m!
plus ambient

5.5

15.5-18.5

10

L
8.0 x 10 /ml
plus ambient

2.5

16.0-18.5

10

1/ One fish died when it became lodged in siphon tube of filter system.
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If average estuarine temperatures in the estuary reached 20-22° ¢ range or higher
where the salmon resided, our data indicates that vibriosis may also have been

involved in reducing the population,

Miscellaneous Observations

Only two non-target fish species (stickleback and rainbow trout) were ob-
tained from South Pond at the termination of Experiment XI1| on 3 September 1976.

About 4,000 stickleback (Gasterosteus aculeatus) averaging 1.1 grams in weight

were recovered. All sizes of stickleback were in the sample, including some
very large individuals (70-80 mm TL). The second non-target species was rain-
bow trout. An examination of our records indicated that a2 maximum of six rain-
bow trout had escaped from a temporary helding pen into which a group of these
fish had been placed on 10 May 1976 (Table 38). Five extremely deep=bodied,
smal l-headed, very silvery rainbow trout were removed from the pond., The sixth
fish had been previously seined from the pond (Table 38, Footnote 3}. Without
competition, and with an unlimited food supply, including presumably moribund
chinook salmon, these fish over a 114 day rearing period, increased in weight
over tenfold, with an average daily increase per fish of 1.9 grams. Two fish
showed some slight erosion of the outer margins of the paired fins, while an-
other fish had ope small reddish patch {5 sq mm) near the lateral line; Another
specimen had missing scales in two closely parallel lines on the sides of the
body, indicating a recent attack by a large avian predator, a likely occurrence
since the pond was drained over a two-day period, allowing easy access to the
fish by wading birds.

No staghorn sculpin were found on draining North Pond on 3 September 1976.
There were, however, 34 sculpin taken in sporadic trapping throughout the ex-
periment (Table 39). As five sculpin were taken in traps during late July-

early August, the traps appeared effective in controlling the sculpin, Sculpin



90

could also have died from vibriosis, but personnel were not available to run

tests on trap-caught fish.

Water Quality

Since North Pond water was pumped inte South Pond when the pond was de-
watered at the end of rearing Experiment XIIl, a bacteriological survey, as
required for meeting public health reguirements prior to bay discharge, would
not have been necessary. Fortunately, personnel at our fish pathology labor-
atory were just organizing for a scheduled survey of bacteriological parameters
of Humboldt Bay and were able to include a series of samples from North Pond
and some adjacent waters {Table 43). Water samples from Jolly Giant intertidal
area and Humboldt Bay were taken at a low tide level, and thus would represent
a period of peak bacterial concentration from incoming freshwaters. Fish cul-
ture water and Humboldt Bay water showed the highest water quality (Towest
counts) for those parameters currently used in public health monitoring {total
coliform, fecal coliform). JoITy Giant Creek water showed the poorest water
quality but still of good quality (MPN fecal coliform - 110). Oxidation pond
water being discharged into Humboldt Bay on 1 September 1976, and upper estu-
arine water of Gannon Slough, were intermediate in water quality. The low
counts of total coliforms and fecal coliforms in fish pond waters probably re-
sulted from two factors. Fish ponds with high algal blooms are good wastewater
treatment systems sc that the retention of the oxidation pond effluent for a
long period of time would be expected to produce high water quality with re-
gards to these parameters, The lTow counts relative to adjacent waters, how-
ever, may be due to the lack of introduction of non-human coliforms since few
birds rest on fish pond waters in contrast to adjacent waters where heavy con-
centrations of birds always occur. Three of the waters sampled showed counts

of fecal streptococci in the 100-200 range contrasted with a count of 1,400
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from Jolly Giant Creek from untreated domestic wastewaters. Similar relation-
ships were found between fish pond and creek waters sampled on April 28, 1976
(Table 22).

Aged fish pond waters showed very low counts in currently used parameters
to monitor public waters in protecting human health. Pond waters would pro-
bably be rather high in total suspended solids due to the high count of algé]
cells. Batch discharge of such water into the usually turbid waters of an in=-
tertidal area of Humboldt Bay, such as Jolly Giant Slough, would have an insig-

nificant negative impact on the aquatic values of the area.
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SUMMARY

Experiment X{|
0f 24,900 coho fingerling salmon planted into South Pond in October, 1975,

15,848 smolts were recovered (45 percent survival). Of this total production,
6,263 were selectively trapped from 6 April until May 7, 1976. Smolts exhibited
distinct external morphological features, high Na® and k' - gill ATPase activity,
and active seaward migration when planted in Jolly Giant Creek. Smolt catch
peaked 23-24 April when 34 percent of all smolts taken by selective trapping
were captured. All smolts were marked and were in excellent external condition,
A few fish had abnormalities but showed no positive bacterial infections. A
culture of Vibrio (bacteria) isolated from a chinook salmon in another pond was
cultured and 10 recently fin clipped coho smolts were challenged at 18 ¢ for 17
days. No mortalities occurred. It was possible that smolts produced had been
immunized naturalfy in the pond, This continues to support a possible expla-
nation that there was therapeutic effects on wastewater-reared chinook salmon
(Allen and 0'Brien 1967). High survival's were found for fish reared in three
fixed pens (84-89 percent) but the fish grew much more slowly than pond fish.

No pen produced over 7 percent smelts in reared salmen by time of pond draining
(7 May}. A period of mortalities in ponds apparently occurred in early Novem-
ber but could not be related to any particular factor. Pond fish were given
supplemental foods (about 2,400 pounds wet weight) in order to insure fish
attaining smolting stage in early spring in order to avoid reversion to parr
with the onset of higher summer pond temperatures. Supplemental feed consisted

of 1,474 pounds of live Daphnia magna (water flea) collected by pumps or traps

in an oxidation pond adjacent to the fish ponds, 645 pounds of ground Dover
sole carcasses (5 cents per pound), 137 pounds of shovel-chopped fresh crab

offal, and 120 pounds of ground shrimp offal.
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Loss of smolts from handling and marking was negligible, with mortalities
occurring mainly from fish jumping out of holding tanks. Water temperatures in
holding tanks average 50 C cooler than pond temperatures, Smolts taken by trap=-
ping were planted soon after marking in small lots to simulate natural school-
ing conditions, and to avoid overloading the home streams.

Smolting appeared size-dependent, with very few fin fish less than 100 mm
fork Tength ever smolting, and practically no fish over 110 mm not smolting.

This relationship was most clearly shown by samples of coho reared in pens.

Fish pond waters were very low In fecal coliforms and fecal streptococci.

Experiment XI1I|

0f 30,000 spring chinodk fry planted into North Pond in February, 1976
about 18,000 (60 percent) healthy, growing fish were in the ponds by mid-May,
This représented a major increase in the survival rate over past experiments
utilizing fall chinook salmon reared through the same season (late winter to
spring). About 4,000 salmon were taken by trapping or seining from North Pond
and planted into Jolly Giant Creek, while the remainder were Teft in the pond
to be reared to early fall. A period of high water temperatures in late June
(over 25 C) combined with smolting by Targer salmon, induced Vibriosis which
eventually destroyed all fish., Attrition, however, was slow with an estimated
12,000 fish in the pond in mid-July. Six rainbow trout known to have escaped
into the pond were all recovered, and showed a growth rate of about 2 grams per
day per fish. Resistance to vibriosis was exhibited by the rainbow trout reared
in this experiment and by spring chinook to & much lesser degree. |nexpensive
methods for preventing stress of salmon from the peak water temperatures of sum-
mer appear feasible. Precise smolting and downstream migration periods in spring
chinook salmon reared in North Pond was not clearly defined as were demonstrated

by coho in South Pond. Salmon reared in pens had consistently higher survival
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rates than pond-reared fish, and were onity slightly smaller in size than pond-
reared fish. Spring chinook salmon reared at the HSU hatchery, plus salmon
netted and trapped from North Pond in mid-May, alltowed release of about 10,000
fingerlings into Jolly Giant Creek to continue testing this creek as the poten-
tial "home~stream' for wastewater-reared salmon smolts. Bacteriological indices
used to monitor water quatity for human health {total coliform, fecal coliform)

were very lTow in North fish pond water at the end of the fish rearing.
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